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Qs, (54) Title: AN ORTHOPAEDIC JOINT PROSTHESIS 

fn 

(57) Abstract: An orthopaedic joint prosthesis comprises a first joint component and a second joint component. Each of the compo- 
nents is formed from a metal body and has a bearing surface which engages the corresponding bearing surface of the other component 
when the prosthesis is implanted. Each of the metal bodies has a ceramic coating applied to it at the bearing surface, the coating 
comprising a chromium compound and being at least about 5 jam thick. The coatings which can be different, for example so that the 
difference between the hardnesses of the materials of the coatings which are applied to the first and second joint components is less 
than about 5000 MPa. Preferably, the metal from which at least one of the first and second joint components is made has a modulus 
^ of at least about 150 GPa. 
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AN ORTHOPAEDIC JOINT PROSTHESIS 

This invention relates to an orthopaedic joint prosthesis, which comprises a first joint 
component and a second joint component, each having a bearing snrfece which engages the 
corresponding bearing surface of the other component when the prosthesis is implanted. 

Orthopaedic joint prostheses are known for replacement of natural joints such as a hip, 
knee, ankle and shoulder joint. Joint replacement generally involves removal of tissue 
fiom each of the articulating bones of the joint, and implantation of prosthesis components 
in the bones. 

It is important that wear of the components of an artificial jomt is minimised because wear 
debris can give rise to adverse physiological reactions. Tlie selection of the materials for 
the j oint components is made in such a way that wear is minimised, and also to ensure that 
the physiological reaction to such wear debris as is created is mmimised. 

It is common for a joint prosthesis to comprise components whose mating articulating 
surfaces comprise a metal and a polymer respectively (a "metal-on-polymer" joint). For 
example, the bearing surfece on one of the components might comprise a cobalt-chrome- 
molybdenum alloy and the corresponding bearing surface on the other component might 
comprise a high molecular weight polyethylene. The surfaces of both components are 
finished so that they are smooth. During articulation of the joint, the polymeric component 
ibject to gradual wear, forming fine particles of the polymer. 



IS sue 



Attempts have been made to form joint prostheses in which both of the articulating 
surfaces are manufactured from metals (a "metal-on-metal" joint). Even with very fine 
finishmg to produce smooth bearing surfaces, wear in such prosflieses cannot be avoided. 
The wear inevitably gives rise to the formation of metal particles. Hie wear characteristics 
of metal prosthesis components have been modified by application of ceramic coatings. 
An advantage that arises from use of a ceramic coating is that the greater hardness that is 
available allows wear to be reduced. Ceramic materials which have been used for such 
appUcations include titanium nitride and diamond-like carbon. Titanium nitride is 

CONFIRMATION COPY 
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particularly favoured as a coating material for use on prosthesis components that are made 
from titanium because of the compatibility of tihe materials of the component body and the 
coating. 

Difficulties have been encountered when attempting to create thick ceramic coatings on 
joint prosthesis components. The resulting components have been found to fail by 
cohesive failure of the coating. The maximimi thickness of applied ceramic coatings has 
therefore been restricted to 2 to 3 |am. This has the disadvantage that, with use over an 
extended period, such a coating can wear to the extent that underlying metal is exposed. 
This has particular disadvantages when the component is formed from titanium because of 
the high susceptibility of titanium to wear. 

The present invention provides an orthopaedic joint prosthesis in which each of the 
articulating prosthesis components has a metal body which has a ceramic coating applied to 
it at the bearing surface, the coating comprising a chromium compound and being at least ^ 
5 |im thick. 

Accordingly, in one aspect, the invention provides an orthopaedic joint prosthesis, which 
comprises a first joint component and a second joint component, each being formed from a 
metal body and having a bearing surface which engages the corresponding bearing surface 
of the other component when the prosthesis is implanted, in which each of the metal bodies 
has a ceramic coating applied to it at the bearing surface, the coating comprising a 
chromiimi compound and being at least about 5 |xm thick. 

The prosthesis of the invention has the advantage that the susceptibility to failure due to 
cohesive failure of the coating can be reduced compared with prostheses in which bearing 
surfaces are provided by materials other than ceramic chromixmi compounds. This 
advantage is available, notwithstanding the greater thickness of the coatings compared with 
thin coatings as are used conventionally, for example with thicknesses of no more than 2 to 
3 jim. This property is believed to arise from characteristics of the chromium compounds. 
The advantage arising from the lower susceptibility to cohesive failure can offset slightly 
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reduced hardness (and therefore potentiaUy sUghtiy increased wear rates) compared with 
certain other ceramic materials Hiat are used to coat prosthesis bearing surfeces. 

The ability to provide thick ceramic coatings in tlie prosthesis of the present invention has 
the advantage that the prosthesis is able to accommodate initial wear as the bearing 
surfaces of the components conform to one another. Small mis-matches in the shapes of 
the bearing surfaces of articulating components can give rise to initial localised wear of 1 
to3 urn. This canaccountfortheentirethickness of conventional thin coatings. 

Preferably, the thickness of the coating is at least about 6 fun. more preferably at least 
about 7 fim, especially at least about 8 jim, for example about 10 |xm or more. The 
thickness of the coating will generally be less than about 25 ^m, for example less than 
about 20 ]xm, or less than about 15 jm. 

The chromium compounds which are used to provide the coatings can include one or more 
of chromium oxide, chromium nitride, chromium carbonitride and chromimn carbide. The 
nitride and carbonitride are preferred. 

Preferably, the difference between the hardnesses of the materials of the coatings which are 
appUed to the first and second joint components is less than about 5000 MPa, more prefer- 
ably less liian about 2500 MPa, especially less than about 1000 MPa. It is particularly 
preferred that the hardnesses of the materials of the coatings is approximately the same. 
However, it is envisaged that different chromium compounds can be used on liie 
articulating surfaces of two prosthesis components. For example, the bearing surface of 
one component might be coated with CrN and the corresponding bearing surface of the 
other component might be coated with CrCN. 

Preferably, the materials of the coatings which are appUed to the first and second joint 
components are the same. 

Preferably, the metal which is used for the body of at least one of the components, 
preferably each of the components, has a modulus of at least about 150 GPa, more 
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preferably at least about 175 GPa, especially at least about 200 GPa. The use of a high 
modulus metal can reduce failure of the bond between the material of the bearing surface 
and the metal. 

Examples of metals which can be used for the body include cobalt chrome based alloys, 
titanium alloys, and certain stainless steels. Preferably, the metal from which at least one 
of the first and second joint components is made is an alloy which includes chromium as a 
'■ component element. It is an advantage of the present invention that a ceramic coating can 
be appUed to a metal prosthesis component which is formed from a chromiimi based alloy, 
with enhanced adhesive interactions between the coating and the alloy of the body. It is 
particularly preferred that the metal from which at least one of the first and second joint 
components is made is a cobalt chromium molybdemrai alloy, in particular an alloy which 
satisfies ASTM F-1537. The use of such alloys in ordiopaedic joint prostheses is well 
established. It gives rise to advantages because of its hardness and low susceptibility to 
wear. According to the present invention, a prosthesis component formed from a 
chromium based alloy can be provided with a ceramic coating to increase wear resistance 
yet further, with strong adhesive interactions between the coating and the body. 
Furthermore, it appears that if, after use for a long period, the chromium based ceramic 
coating wears through and the alloy is exposed, the hard characteristics of the alloy mean 
that the component is not then subject to high wear rates as is the case for components in 
which the body is made from titanium. 

Either of both of the components can be made in a plurality of parts which are formed from 
different materials. For example, when the joint prosthesis is for replacement of a hip 
joint, the femoral component can comprise separable stem and head parts which are formed 
from different materials. The bearing surface which articulates with a corresponding 
bearing surface on the acetabular component, and on which the ceramic coating is 
provided, will be on the head part. Alternatively or in addition, the acetabular component 
of a hip joint prosthesis can comprise separable shell and liner parts which are formed from 
different materials. The bearing surface which articulates with a corresponding bearing 
surface on the femoral component and on which the ceramic coating is provided will be on 
the liner part. 
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Preferably, the surface roughness of the coatings, as measured using conventional surface 
profilometer apparatus, which are appUed to the &st and second joint components is not 
more than about 0.05 (RJ, more preferably not more than about 0.02 ^m (RJ, 
especially not more than about 0.01 ^xm (RJ. Preferably, the surface roughness is not more 
than about 0.1 ^im (R^J, more preferably not more than about 0.04 ^im (R^. It is an 
advantage of the use of ceramic materials in the joint prosthesis of the present invention 
lhat they can conveniently be finished with such smooth surface properties by readily 

accessible surface finishing techniques using conventional techniques and commercially 

available equipment. 

The present invention can be implemented in joints such as a hip, knee, ankle and shoulder 
joints, as well as joints in fingers, toes, wrists and elbows. For example, when the 
invention is implemented in a hip j oint, the first component can comprise the head part of 
the femoral component, and the second component can comprise the cup part of the 
acetabular component. When the invention is implemented in a knee joint, the first 
component can comprise the femoral component and the second componem can comprise 
the tibial component (which might include a meniscus component which can be moved 
relative to the part that is implanted in the tibia). 

Generally, the coating will only be appUed to the body of the component in the region of 
the bearing surfece which articulates with the bearing surface of the other component of the 
joint. 

Preferably, the coating is appUed to the bearing surfeces by a vapour deposition technique. 
It is particularly preferred to use an evaporative physical vapour deposition technique. An 
example of suitable deposition equipment is available firom lonBond AG, of Olten, 
Switzerland, such as for example the cathodic arc coating system sold mider the trade mark 
PVD-3344. This uses a water cooled stainless steel cylindrical chamber of diameter 84 cm 
and height 1 12 cm which contains nine 5.4 kW arc sources. 



The invention will now be illustrated with reference to examples. 
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COATING TECHNIQUE 

Parts are coated using an lonBond 3344 arc evaporative PVD coating system available 
from lonBond AG, Industriestrasse 21 1, CH-4601 Olten, Switzerland. Parts are prepared 
for coating by cleaning using widely available aqueous detergents and then drying using 
hot air. The parts are mounted within die coating chamber on a fixture which allows the 
parts to be manipulated. The fixture for convex components such as the head of a femoral 
component of a hip joint prosthesis allows double rotation planetary motion. The fixture 
for concave components such as the cup of an acetabular component allows single rotation, 
with the mouth of the cup facing outwards towards the evaporation sources. The minimum 
distance between the parts and the evaporation sources is 1 80 nrni. 

The coating chamber is evacuated to a typical starting pressure of 2 x 10'^ mtorr. A part to 
be coated is then conditioned using a glow discharge in a mixture of argon and hydrogen. 
This is followed by a short bombardment with ions of chromium released by the evapor- 
ation sources and accelerated by a negative voltage of about -1000 V applied to the part 
Deposition is undertaken at a chamber pressure of 48 mtorr of nitrogen gas (99.999% 
purity) with a negative voltage of about -300 V applied to the part. 

The thickness of the coatings that are applied to the parts is at least 10 |am. 

TEST RESULTS 

Parts were coated using the technique described above and tested for wear rates and ion 
concentrations. The parts were femoral and acetabular components of a hip joint 
prosthesis, formed firom a cobalt chrome molybdenum alloy. The femoral components had 
a spherical head with a diameter of 2? mm. After coating the bearing surfaces of the 
femoral and acetabular components with a 10 fim thick layer of ceramic material, the radial 
clearance between the bearing surface was 30 ^m. Each of the bearing surfaces was 
finished to a surface roughness of 0.02 [xm. 
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Femoral aad acetabular compon^..ofaMpjom.proAedsv««p«pared»ithcera^^ 
coatings ontebeartog surfaces ofmCrN and QCN.-n.epar.swe««*dmatap 
sin>ulator(of«.ekindreferredto^JEngMed215HU9.I21(2000))wHchreprodu«s 
loadsand motions duringanonnalwalking cycle. Calf se™n(25%(v/v))»asu.ed.o 

lubricate the bearing surft^ of tl>e components during the tests. Wear volumes were 
aetetri^ by gn^vimetfc analysis. The levels of metal ions from .he prosthests 
component bodies v«e de^mined by a«>mic absorption specUroscopy. The tests were 
performed ™thexposed(uncoated)me«l bearing ^aces on both components.™ 
L«ngson«»bearingsur6cesofho.hoomponents.CrN coatings entire bearmgsurfeces 

of both components, and CrCN coatings on *e bearing surfaces of bod. components. 
Figure 1 shows mean v^arraiesfollovving wear tests usmgaUp joint simulator. 
Figure2showsionconcen.rationsmeasuredinjoin. serum lubricants foUowingteatsusing 

the hip joint simulator. 

The levels of wear and of ion concent«tion in ti>e serum after two million walMng cydes 
was sigmflcautiy less for each of the coated samples than for the uncoated metal sample. 
Tbe volmne of wear debris ti,at was produced ftom the tiuee sets of coated component 
(measured in mm' per milHon cycles) after two million cycles did not vary signiiicantty. 
^ was less than about 0.1 mm'/miUion cycles in each case (compared witi> about 
1 SmmVmimoncyclesforfl^uncoatedmetalcontrol). The CrN and CrCN coated 
components produced only small nanometre size particles, while ti.e titanium ni.ide co^ 
components produ«i bod. small nanomeh:e size particles as weU as larger shards 
consistent with the surface dam^e. 

After five mUlion cycles, tite CrK and CrCN coated components showed a 

reduction in wear rate comp^ .« .^-''al on metal control. No dam^e was found to ti.e 

CrN andCrCN coatings in these longer termtes.s.Tl.efivemillioncycles.estcou^dnot 

be completed for a.e TiN coated components because of tire surfece damage caused by 

cohesive failure of the coatings. 
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Both CrN and CrCN show substantial reductions in wear and ion release compared with 
iincoated metal joint prosthesis components. These materials can be applied as thick 
coatings which are stable on prolonged testing and do not appear to be susceptible to 
cohesive failure as exhibited by production of shards. The predicted time to wear through 
the thick coatings appears to be greater than 50 years. 

Separate in viti'o cell culture studies of the wear particles for CrN and CrCN show them to 
be at least tenfold less toxic than cobalt chrome wear debris at equivalent volume 
concentrations. CrN and CrCN bearing surfaces provide extremely low wear, low ion 
release and low biological activity. 
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1 An orthopaedic joint prosthesis, which comprises a first joint component and a 

secondjointcomponent,eachbeingformedfiomametalbodyandhavingabeanng 

surface which engages the corresponding bearing surface of ^e otiaer component when the 
prosthesis is implanted, in whicheach ofthe metal bodies hasaceramiccoatingapphedo 

it at^ebearingsurfece. the coating comprisingachromium compound and being at least 
about 5 |xm thick. 

2 A joint prosthesis as claimed in claim 1 . in which the coating comprises at least 
one of chromium nitride, chromium carbonitride and chromium carbide. 

3. Ajointprosthesisasclaimedmclaiml.inwMchthetMclaxessofthecoatmgisat 
least about 8 ^im. 

4 A joint prosthesis as claimed in claim 1, in which the difference between the 

hardnesses ofthe materials ofthe coatings which are appUed to the first and second jomt 
components is less than about 5000 MPa. 

5. A jointprosthesis as claimed in claim 1, ux which the materials ofthe coatings 
which are appUed to the first and second joint components are the same. 

6 A joint prosthesis as clauned in claim 1 , in which the metal from which at least 
oneofthe first and second joint components is made hasamodulus of atleast about 

150 GPa. 

7 A joint prosthesis as claimed m clahn 1 , m which the metal from which at least 
oneofthe first and second joint components is made is an alloy which includes chromium 

as a component element. 
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8. A joint prosthesis as claimed in claim 5, in which the metal from which at least 
one of the first and second joint components is made is a cobalt chromium molybdentim 
alloy. 

9. A joint prosthesis as claimed in claim 1, in which the sm-face roughness (RJ of the 
coatings which are applied to the first and second joint components is not more than about 
0.05 [im. 

10. A joint prosthesis as claimed in claim 1, in which the first component comprises 
the head part of the femoral component, and tiie second component comprises the cup part 
of the acetabular component of a hip joint prosthesis. 
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